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EXECUTIVE SUMMARY 
The project described in the present thesis comes from studies begun in 2008 at the research 
centre “RFID Lab” of University of Parma concerning the application of RFID technology to the 
apparel supply chain. The results achieved have helped the members of the Board of Advisors 
Fashion, composed by various fashion companies, to recognize the benefits and the problems 
concerning the implementation of a RFID system in the supply chain, obtaining know how, 
benefits and competitive advantage from the academic technology transfer. One of the 
studies, conducted by the RFID Lab researchers, have demonstrated significant ROIs both at 
warehouse and apparel store level using theoretical business cases. In this way, after the 
formative and practical experience of the RFID Fashion Store, some of those companies, and 
their partners, chose to transfer their knowledge from the lab to the field implementing a 
project pilot. 
The name of the project is “RFID Fashion Pilot” and it is the first supply chain pilot in Italy 
focused on the evaluation of the impact of RFID technology in the fashion industry. More of 
10,000 garments of the spring/summer 2010 season have been RFID tagged at the distribution 
center and tracked to a store, enabling real time visibility of logistics flows. Project goals are 
two:  
1. measure the quantitative benefits of RFID technology on warehouse and apparel 
store processes; 
2. evaluate the economic impact of more accurate and real time data for the apparel 
supply chain. 
Some of the most important company of worldwide fashion shared benefits and costs of 
piloting. Although only one of them, Miroglio Fashion, was directly involved in providing the 
locations and garments, all participants were involved in project engineering, both from a 
technical and from an operational point of view, in the experimental campaigns, and in the 
sharing of the resulting know-how. 
The supply chain pilot deployed involves two players: (i) the distribution center (DC) of 
Miroglio Fashion located in Pollenzo (CN) and (ii) the point of sale (PoS) "Elena Mirò" located at 
the outlet district ‘Fidenza Village’ near Parma. This is an outlet store, that receives garments 
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of the same season as the previous year. Therefore the garments came back from the normal 
store, they are reconditioned and, after that, they can be shipped to the outlet store. 
An ‘As Is’ analysis is conducted in order to define the relevant processes, operations and 
activities currently performed. This phase has revealed the following processes: (i) Labelling 
and (ii) Shipping regarding the DC, (iii) Receiving, (iv) Replenishment, (v) Fitting, (vi) Check-out 
and (vii) Inventory regarding the point of sale. Each of them has been reengineered in order to 
apply the RFID technology and achieve the aims of the projects. 
The experimental campaign has involved the products belonging to the spring/summer 2010 
season (originally 2009). In regard with the DC, labor efficiency and accuracy has increased by 
80% and by 8.6% respectively. That means that the time, and costs, needed to perform the 
shipping activities can be reduced with a concurrent increase of the accuracy. In regard with 
the store processes the project has shown the technical feasibility of a five-minute daily 
inventory process with an accuracy more than 97%. The data provided by the fitting rooms 
monitoring system can be used to obtain new marketing information and to adapt shop 
assistant presence to the effective needs. Finally, the project has demonstrated that the more 
accurate and real time data provided by the RFID technology can help the shop operators to 
increase the sales by more than 8%. 
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1. INTRODUCTION 
Radio Frequency Identification (RFID) is an automatic identification technology that is having a 
great importance. In its simplest concept, RFID is a similar to bar coding. It is considered as a 
means of enhancing data processes and is complementary to existing technologies. It is a 
tested technology that has been in use since the first years of ‘70s. In fact, since the years 
before the beginning of the current millennium, RFID technologies have been set to 
complement or substitute barcode technology, which has been adopted in the logistics of the 
most of the world companies [1]. RFID is expected to enable complete and intensified supply 
chain collaboration and thus increase process efficiency. However, although considered 
important for commercial success, RFID standards were still in their immaturity during early 
RFID pilots in fast moving consumer goods [2], [3], [4] and fashion[5], [6], [7].  
The impact of RFID technology is particularly evident in fashion retailing because the fashion 
business is characterized by a wide assortment of products, high seasonality, high volatility, 
short life-cycles, high-impulse purchasing and intricate logistics operations [8]. RFID technology 
can offer fashion retailers a solution to solve a number of issues that are distinctive of their 
industry. The first problem is the very short product life of fashion products – typically not 
more of three or four months – it is fundamental to ensure that the garment is delivered to 
the point of sell as quickly as possible. As RFID provides the capability to track and trace goods, 
it can increase the efficiency of most of the processes along the supply chain. The second 
problem is that the garments need space to be displayed because of their variety of styles, 
sizes and colors, so the management of these items can becomes very complex. “An RFID-
based stock management system can identify the needed items for the customer quickly and 
correctly”, Moon et al. suggest [9]. The third problem is the reduction of counterfeiting, theft 
and illegal product used in the grey markets, possible thank to the special identifier given by 
the RFID. The fourth problem is that the behavior of fashion customers is unpredictable my 
mysterious. The RFID-based customer cards enables retailers can record how customers shop, 
interact with items and make purchase decisions. Subsequently, this technology can provide 
customized marketing strategy for their customers at an individual level. “RFID technology can 
manipulate a tremendous amount of stored data and create value” [9]. 
In order to test the impact of the RFID technology on the Italian fashion supply chain a pilot 
project has been arranged. The aims of a pilot is “to examine the feasibility assessment in the 
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field before deciding to roll out” [10]. In this way, the pilot should point out the technological 
challenges, human operative issues, security/privacy issues that could potentially affect a 
potential rollout. The pilot should also provide information about costs and benefits. Overall, 
the pilot should help to provide the obstacles and opportunities for RFID in the field. It is 
important remember that the reason of the pilot is to experiment. Often, pilots make known 
benefits and costs not predicted during the feasibility studies. This is described very well by 
Gary Cooper, CIO at Tyson Foods: “There are going to be ‘ah-ha’ moments when you learn 
something – the problem is we don’t know what these are yet” [11]. Bottani at all. warm that if 
the approach of the pilot is too rigid, these ‘ah-ha’ moments may be missed [10]. The piloting 
is a critical step in any enterprise wide deployment [12]. 
The present thesis reports the technical design of the project and the results achieved. The 
first section provides an introduction to the RFID technology on standard-making. It is followed 
by an outline of the research methodology. The subsequent section, covering RFID standard-
making, describes RFID pilot ‘As Is’ Analysis to preparation for ‘To Be’ reengineering followed 
by a brief description of the web application developed. The two last sections provides a 
description of the principals key performance indicator (KPI) used and the results of the 
experimental campaign. A summary concludes the thesis. 
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2. RFID TECHNOLOGY 
RFID Journal defines RFID as “generic term for technologies that use radio waves to 
automatically identify people or objects
1
” [13]. There are several identification technologies, 
the most common of which is to associate the RFID tag unique identifier with an item or 
person. An RFID system will typically comprise the following elements (see Fig. 1): 
ü an RFID device (tag) applied to the item to be tracked; 
ü a tag reader with an antenna and transceiver connected to the tracking system;  
ü a host system that controls the tag readers. 
NETWORK
TAG
READER
RFID HOST SYSTEM
 
Fig. 1: Typical RFID system. 
RFID devices can be classified in two categories: active, with a power supply (for instance a 
battery) and passive, without power supply. Active devices which communicate with a reader 
are known as transponders (TRANSmitter/resPONDER). Instead, passive devices are simply 
known as ‘tags’. Active tags are typically also read/write devices and more expensive; 
conversely, passive tags usually include only reading functionalities and are cheaper. The use 
of a battery limits the life of the device, although with current battery technology this may be 
as much as 10 years. Passive tags have an almost unlimited life, are lighter and smaller but 
they have limited data storage capacity, a shorter read range and require a higher-power 
reader. There are also semi-passive tags, where the battery runs the chip’s circuitry but the 
device communicates by means of power provided by the reader. Now a day, a lot of type of 
                                                          
1
 RFIDJournal frequently asked questions, http://www.rfidjournal.com 
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tags are available in the market. In fact shapes and sizes can be different in order to exploit 
particular electromagnetic properties or protective inlay can be changed in order to provide 
mechanical and chemistry resistance. Tracking tags used in zootechnics are injected beneath 
the skin of the animals and approximately have a length of 10mm and a diameter of 1mm. 
Some tags are converted in credit card sized packages; typical examples include building access 
cards or sky-pass. Other tags are designed to be used in harsh environments, such as container 
tracking applications, and can reach 120x100x50 mm. The tiniest tags commercially available 
measure 0.4x0.4mm and are thinner than a sheet of paper. 
2.1. Tags 
Tags can incorporate different type of memories: read only memory (ROM), volatile read/write 
random access memory (RAM) or write once/read many memory (WORM). ROM is used to 
store security data; in fact, it is an unchangeable, unique device identifier and operating 
system instructions. RAM is used for data storage during transponder interrogation and 
response. Data can be stored in the memory which may also include: 
ü an operating system; 
ü a data storage (volatile or non-volatile); 
ü an electronic product code (EPC – the evolution of the bar code). 
Passive tags obtain their power from the reader through the electromagnetic field generated. 
The passive tags will then respond to the enquiry. Active tags usually communicate through 
propagation coupling and respond to the reader’s transmission using the internal power to 
communicate. 
The individual governments generally manage, through legislation and regulation, the 
allocation of radio frequencies, thus, although there are international standardizations such as 
ISO and similar, each geographic area has allocated different frequencies for RFID devices. For 
example, Europe uses 868 MHz for UHF and the US uses 915 MHz. Currently, very few 
frequencies are available for RFID applications; as a matter of fact, at the moment three 
frequency ranges are generally draw on for the real applications depending on the required 
read range: 
ü Low-frequency passive tags have an effective range of about 30 cm; 
ü High-frequency passive tags around 1 m; 
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ü Ultra-high-frequency passive tags from 2 m to 8 m. 
Where greater range is necessary, such as in container identification and automotive 
applications, active tags can be detected to a range of 100 m [14]. 
When logistics units, palettes, cases and boxes are tagged, they can be tracked through the 
supply chain from the manufactures to distribution centers, up to the points of sale. In order 
to identify them, the Serial Shipping Container Code (SSCC) is used. This latter is an 
international code for logistic units, that allows the unique identification of the transport units. 
If the tag is applied on item, each individual product can be identified and, avoiding errors, it 
can be traced along the supply chain, from manufacturer to distribution centre, from this to 
each store, and up to the sales floor and shelves [15]. 
2.2. Reader 
An RFID reader is an electronic device used to obtain pieces of information stored on the RFID 
transponder or tag. It emits an electromagnetic field, received by the RFID transponder via its 
antenna. The signal provides the tag with both the information and the power necessary to 
operate and transmit its data. The maximum achievable read range depends on the frequency 
range used for the data transmission. 
Different frequency ranges are available for RFID. For the consumer goods industry, two 
ranges are generally utilized: the high frequency (HF) range of 13.56 MHz which is readable up 
to 1 meter and the ultrahigh frequency (UHF) range of 860–960MHz readable up to 8 meters. 
The 13.56MHz frequency has been typically used for RFID transponders at the item level [16]. 
In addition, the read range is influenced by further variables, such as the composition of the 
item or the presence of barriers between the reader and the tag. In fact, in the case the item 
contains water or metals, the maximum reading distance can be reduced; similarly, walls, 
metal shelves, or material handling device can impact on the performance of the 
communication. This is why Lahiri [17] suggests that “a typical HF RFID system uses passive 
tags, has a slow data-transfer rate from the tag to the reader, and offers fair performance in 
the presence of metals and liquids”. 
A reader can perform either inventory reading or access operations on a single tag population. 
Inventory, as the name suggests, identifies a population of tags through a succession of 
standardized air-protocol commands [18].Using one of the available algorithms, the reader can 
RFID TECHNOLOGY 
Pag. 12 of 141 
isolate a single tag response and receive the memory contents from the tag. Access is used to 
define the auxiliary operation of communicating with (reading from and/or writing to) other 
memory areas on a tag. Such as to the inventory protocols, also access encompasses multiple 
air commands [18]. 
2.3. RFID Host system 
Usually, RFID solutions need a network to work; in fact, they need to communicate with the 
back-end system in order to interpret reads. The IT support for RFID readers can be spread or 
closed. In many situations, discovery services and automated configuration of the setting up of 
the RFID devices are very important (RFID host system) [18]. Once they are set up, RFID system 
administrators will need to be able to manage and monitor the devices using particular tools. 
Moreover, health and performance monitoring, firmware management tool will be critical in 
order to diagnose problems and solve them. The RFID infrastructure may be extend on more 
players, which satisfy the need for configuration and monitoring tools. In addition, redundancy 
is necessary to be deployed at each layer for a robust infrastructure. 
The RFID Middlware (RFID MW) provides the ability to control and configure readers, and 
manage and monitor the status of the devices in a deployed system. In summary, the RFID MW 
allows RFID technologies to be connected with an existing IT infrastructure by making use of 
standard network protocols. The EPCglobal EPC Information Services (EPCIS) includes a set of 
interfaces which provides standard event capture and query tools for achieving and sharing 
data about RFID tagged entities within the supply chain. It supports enterprise resource 
planning and operating systems and enables functions like track-and-trace, anti-counterfeit, 
product authentication, quality monitoring across supply chain partners in multiple vertical 
markets. 
2.4. Tag data and events 
The tag data obtained and the business events produced by the RFID infrastructure need to be 
shared for closed-loop, open-loop and cross-enterprise information systems. Many processes 
and potentially many companies can be involved by this data exchange. 
In fact, usually, the combination of RFID and non-RFID events can be necessary to describe the 
most of the business events occurred during the logistic processes. The exchange of data could 
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move following two flows. Product suppliers could notify retailers that their goods are in 
transit, and retailers, in turn, could provide suppliers with visibility of goods as they flow 
through their supply chains, up to the selling floor or point-of-sale. An accurate visibility among 
the companies of RFID tagged items and the exchange of the related business context data 
make it possible to have value added response to EPC data and events. For example the supply 
chain partners of a retail network could work together for a close monitoring of the retailer’s 
inventory, thus reducing the shrinkages and maximizing sales. [18]. 
2.5. RFID in Fashion 
During the last years, the global fashion business has been experiencing a pervasive change, 
due to two major macroeconomic drivers. First, political conditions and economic changing 
have requested flexibility and innovation; moreover, recent economic trends have reduced 
consumer buying power. These phenomena have determined that discount retailers (e.g., Aldi 
and WalMart) and verticals (i.e. international apparel network with their own production 
facilities, such as Zara) have obtained an significant market share [19]. To meet these 
challenges, fashion manufacturers (e.g., Benetton in Italy) and retailers (e.g. WalMart in US) 
have experimented new technologies such as RFID. 
In this scenario, the entire fashion industry faces unprecedented challenges as a consequence 
of changing market conditions and demanding customers. Two first cases of technology 
pioneers are Kaufhof Department Stores (Kaufhof) and fashion manufacturer Gerry Weber 
International AG (Gerry Weber). They have collaborated in verifying the benefits of RFID 
technology along the fashion supply chain. 
Loebbecke et al. [20] report in their study the numbers and the results of the experimentation. 
Kaufhof Department Store AG is a sales division of the METRO Group and it is one of the 
principal department stores in Europe. Kaufhof manages 134 stores, of which 116 are 
department stores (October 2005) in more than 80 cities of Germany, and 15 point of selling in 
12 Belgian cities.  
More than two million people visit Kaufhof's with a total of 1.5 million square meters of sales 
area in Germany and Belgium every day. The workforce is composed by 27,000 worker and - in 
2004 - generated €3.8 billion in sales, about 35% of those by the fashion department. Kaufhof's 
RFID TECHNOLOGY 
Pag. 14 of 141 
EBIT achieved €56.1 million (1.47%), which gives evidence to the limited gains of department 
stores and stresses the cost pressures in fashion retailing. 
Gerry Weber International AG is a German fashion company with worldwide operations 
founded in 1973, and at the moment, it owns three brands: Gerry Weber, Taifun Collection, 
and Samoon Collection. The company manages around 800 shops with their shop-in-shop 
system. At the ending of October 2005, Gerry Weber International AG earned about €400 
million in sales, thank to almost 1,700 workers. With an EBIT margin of more than 8%, the 
results are above the industry average. 
According to Loebbecke et al. [20] “the Kaufhof and Gerry Weber project shows positive and 
very promising tests of RFID viability under real-life conditions. While there continue to be 
technical, data management, and privacy issues for RFID, positive performance impacts on 
data collection and information management, at both the warehouse and store level offer a 
strong business case for both retailers and suppliers”. 
2.6. Applications 
The most important application of the RFID technology in the apparel industry are: 
ü Track and trace; 
ü Anti-theft; 
ü Anti- counterfeit. 
Track and Trace 
The RFID project can involve all the processes of the supply chain fashion such as tagging, 
packing, shipping, in the distribution centers, and receiving, replenishment, display, sales, and 
theft prevention at the stores [20]. 
For instance Kaufhof personnel used RFID technology for inventory and delivery tracking of the 
logistic units. Hanger and stackable-good shipments with RFID tags arrived from the 
distribution centre and passed through the RFID portals of the stores. Kaufhof staff 
automatically obtain the Serial Shipping Container Code (SSCC) from the tags using a portable 
RFID reader. The data were automatically stored into a shared database and then compared to 
the values in the Kaufhof merchandise management system, an application able to collect and 
manage goods based on amount and value [20]. 
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Anti-theft 
RFID can provide real-time item tracking capability improving anti-theft applications. It enables 
a retailer to know when and which item has been moved. In addition, RFID can enable real-
time controls and alarms informing the shop assistants about the theft. For example, by 
attaching a tag to the value item, such as a Blu-Ray Disc, the on-shelf reader reads the EPC of 
the RFID tag (passive RFID tags can be the best solution considering the tradeoffs between the 
cost and benefits) and knows the existence of the item. When the Blu-Ray Disc is picked up by 
a consumer from the shelf , the reader can determine the EPC of the missing item. The reader 
then sends an alarm/warning signal to the information system, and enables the other readers 
installed in the warehouse to start looking for the missing EPC [21]. 
Anti-counterfeit 
Every year, counterfeiting generates a loss of billions of euro of revenue. The most frequently 
counterfeited products are drugs, currency bills and luxury items. One RFID solution is to 
associate the tag identification number with any particular prescription bottle so that it can be 
tracked through the supply chain. For example in [22]. a very tiny RFID tag has been designed 
for drug bottles tracking usage. The particular characteristics of the item, such as the name, 
the production site, the expiration date and even the description can be stored in the RFID 
chip. For example, after scanning, the following information would be displayed on the drug 
retailer’s screen, “The drug is a red liquid inside a 4 inch high bottle, produced by 
Manufacturer X, in Parma, Italy. Expiration date Nov.4, 2011.” In the case the information 
showed on the drug bottle highlights discrepancies in comparison to the one stored in the 
container, the counterfeit is immediately discovered. For luxury items (e.g. fashion items), 
RFID can be exploited to prevent brand counterfeiting. Unique ID can be embedded inside the 
product, such as fashion clothes. When these clothes are detected in unauthorized selling 
region, the RFID tag can be used to tell which reseller was responsible for selling it to the gray 
market [20]. 
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3. RESEARCH METHODOLOGY 
The design and the definition of most relevant information to be obtained from the 
deployment of the RFID technology and the EPC system in the pilot project was supported 
from the work of a panel of experts, properly arranged to this purpose. Chief logistics officers, 
supply chain managers and chief information officers of the most important manufacturers 
and distributors of apparel business compose the panel, which operated following the Delphi 
technique [23]. This is a structured process that allows researcher to operate systematically 
with complex or ill-defined problems. The Delphi technique provides an appropriate 
framework to explore the ideas and recognize the suitable information for a decision-making 
process. For this reason, adoption of the Delphi technique is suggested in the case of complex, 
interdisciplinary problems, involving several new concepts [24]. 
In order to obtain the best results the same methodology of previews researches [25] was 
applied. Thus, a multidisciplinary panel, composed at least 20 members, was founded. In the 
case in exam, the panel encompassed: 
ü More than 10 members from 8 companies, operating as manufacturers and 
distributors of fashion, are involved in the RFID Fashion Pilot project developed at the 
University of Parma. Such companies include Branded Apparel, Dolce&Gabbana 
Industria (with its logistics partner TNT and DHL), Imax (MaxMara Group), Miroglio 
Fashion, Trussardi and Norbert Dentressangle. As mentioned, the panel members 
covered the key business functions where RFID technology deployment can have a 
significant impact; for instance, participants were chief logistics, procurement, 
operations and information officers; 
ü five researcher from the University of Parma (Department of Industrial Engineering), 
involved in activities performed at the RFID Lab of the same university. The choice of 
the academics was based on the studies concerning the application of RFID technology 
in logistics and supply chain processes; 
ü three software developers and two project managers from Id-Solutions, a spin-off 
company of the University of Parma. They were recruited in the panel because of their 
specific skills in RFID technology, and also because they were asked to integrate the 
hardware and software infrastructure. 
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According to Bottani et al. [10] the development of RFID pilot projects requires five main steps: 
(i) ‘project definition’, (ii) ‘project team definition’, (iii) ‘feasibility assessment’, (iv) ‘piloting’ 
and (v) ‘rollout’, (see Fig. 2). Bottani et al. also indicate that, although the steps are presented 
as sequential, activities of different steps usually overlap and feedback may lead to an earlier 
step. For instance, outcomes from a step (e.g. ‘piloting’) may suggest either to proceed with 
the pilot project (i.e. the ‘rollout’ step) or to go back to the ‘Feasibility assessment’ step to 
change, improve or redefine project design. The present thesis will be focused on the third and 
fourth phase, and in particular on Feasibility assessment (‘As Is Analysis, ‘To Be’ Re-
engineering) and Piloting. 
Project definition
Project team definition
Piloting
Rollout
Feasibility assessment
 
Fig. 2: Proposed methodology. Adapted by Massimo Tizzi from "A methodological approach to the development 
of RFID supply chain projects," International Journal of RF Technologies: Research and Applications [10]. 
3.1. Feasibility study 
A feasibility assessment basically aims to evaluate the suitability of the project from the 
technical and operational points of view. To achieve such aim, this phase encompasses two 
sub-steps, namely ‘AS IS analysis’ and ‘TO BE reengineering’. Related approaches to the 
feasibility study can be found in literature [26], [27]. 
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3.1.1. ‘AS IS analysis’ 
Bottani et al. define ‘AS IS’ analysis like “a systematic data collection phase, concerning 
relevant processes, operations and activities currently performed and targeted for study within 
the RFID project” [10]. It can be performed through visit campaigns, involving, depending on 
the project, either all players examined or a sample of them, previously identified as 
representative of related processes. Interviews with one or more representatives of the visited 
organization are required to collect data and information. To simplify this step, it is favorable 
that respondents are expert of the processes examined and have a good knowledge about 
them. 
Some pieces of information are required to perform the As Is analysis. Such information refers 
to (i) physical, (ii) informative and (iii) operation flows. Physical flows are explored by collecting 
quantitative and qualitative data in relation to processes, operations and activities involving 
items (i.e. pallets, cases, or assets) handled at the site. Indeed, while manual operations 
needed for product identification are examples of qualitative data required, the number of 
product identified every day is an example of quantitative data. In addition, it is important to 
define (i) input and (ii) output data for each process, information required for process 
monitoring and any device needed. In fact typical information to be obtained from the 
interviews refers to the hardware infrastructure currently adopted for product identification 
and related connection with the company’s backend system, number and location of 
identification points and item related data and the information flow. Finally, operations flow 
analysis provides an overview of the tasks to be performed by the personnel to complete the 
processes examined. Moreover, current performance and potential criticalities of the 
processes should be analyzed. In this regard, it is very useful and important to pay attention to 
current performance parameters in order to evaluate the possible benefit achieved by 
adopting RFID technology.  
3.1.2. ‘TO BE’ reengineering 
The second phase of the feasibility assessment is ‘To Be’ reengineering. From the AS IS 
analysis, it is possible to depict new scenarios, hypothesizing, through business process re-
engineering (BPR), a new scheduling of activities and operations in order to execute the same 
processes involving RFID technology [28]. In particular, each process should be described by 
the To Be model reengineering the technological requirements, the physical flows and the 
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operative activities. Technological reengineering involves the definition of the hardware 
infrastructure (readers, antennas, gates, etc.) and the software architecture (middleware, 
network, backend system integration, etc) enabling RFID related to the processes examined. 
This, in turn, needs that RFID transponder for identification of products (e.g. active, passive or 
semi-active tags) or assets (e.g. storage locations or pallets), detecting devices (e.g. mobile or 
fixed device, RFID-equipped forklift truck) to be defined, and the network infrastructure 
chosen. 
A very important and useful step, at this moment, is the development of technological tests. 
They can be performed in an appropriate laboratory or at the player site in order to select the 
RFID devices (transponders, readers or printers) and measure their performances in term of 
reading/writing commands. This can include ‘reading accuracy’ (number of tags read/ number 
of tags to be read) and ‘read rate’ (number of tags read in a second). These data are very 
important, as both performance and costs may considerably depend on the features of the 
RFID equipment and the operational conditions.  
From the informative point of view, reengineering step should give the new definition of 
identification points (tracking point) and of the correlated ‘item attendant’ and ‘item related’ 
data to be collected. While the firsts are data collected and stored in the tag, ‘item related’ 
data represent information to be obtained by means of tracking points, such as tag EPC, time, 
location, quantity and process involved. Such data are collected, stored in the company’s EPCIS 
and shared within the supply chain. In this way the definition of the informative infrastructure 
provide a preliminary design of the data warehouse (DW) or data base (DB) structure, as well 
as a definition of the business intelligence module (BIM) to be used to derive value added 
information by the interpretation of the EPC data. Finally, depending on the type of RFID pilot 
project to be deployed, one or more TO BE hypothesis can be designed. TO BE scenarios 
developed should be originated from a general agreement on information, operations and 
technological solutions assumed, as well as from top management commitment. In order to 
achieve the aims of this phase external competencies and consultants can be involved with the 
scope of evaluate the suitability and the technical functionalities of the solutions designed. 
3.2. Piloting 
The AS IS analysis should reveal the most important aspects of the process to be reengineered. 
However, if previous performance data of the process are not available, they will need to be 
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measure before the pilot begins. Assuming the current metrics are known or have been 
collected the next step is to deploy the technology. Working closely with the technology 
providers will be important to achieve the aims of the pilot, because they will know how to 
improve the performances of their technology. In addition part of the pilot should be an 
evaluation of the physical installation criticisms (time, skill level needed, best period, hidden 
costs, etc). Decisions about the location of the technology (e.g. a dock door portal, antennae 
on one side or on both sides, overhead, etc) should already be made in the To Be phase, but 
may need to be modified when installation starts (due to previous hidden circumstances). 
Before or during installation, it is generally useful to conduct a site expertise to evaluate the 
potential effect of working environment, such as reflecting or absorbing surfaces, on the 
experimental results [29]. In order to avoid cross-talk between readers [30], dead zones in the 
reading area where the tag cannot be detected [31], an examination of the composition of 
electromagnetic waves should be performed with a spectrum analyzer. Using the same 
equipment, unwanted reads can be prevented. In addition, it is very important to investigate 
possible interferences from the RFID infrastructure and the existing equipment both RF and 
not. 
Company human resources will need to be trained on the use of the new devices and software 
application developed during the pilot deployment. The training should also have the aim to 
dispel any fears people could have about this kind of technology or accompanying changes to 
their existing jobs. Bottani et al. [10] suggest to change the technology if it doesn’t work 
properly, in line with the purpose of the pilot, which is to experiment; the changed occurred 
can be considered as ‘lessons learned’. In addition, if a new type of technology is released 
during the pilot, it could be very interesting to test it. If a mobile reader is not giving the 
requested performance, try a fixed reader. The key of the piloting phase is to experiment, 
while at the same time controlling as much as possible. The results will provide the key 
elements of the rollout step. It is possible and probable, however, that the project will have 
some feedback to the earlier step before proceeding to the next one, rollout phase, because 
the knowledge from the pilot may determine the project plan to change, possibly designing to 
additional pilots. 
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4. ‘AS IS’ ANALYSIS 
As previously mentioned, ‘AS IS’ analysis is the data collection phase, concerning relevant 
information about processes, operations and activities performed and targeted for study 
within the RFID project [32]. Like Bottonai et al. suggest [33], it was performed through a visit 
campaign, involving either all sites examined, previously identified as illustrative of related 
processes. The results of the ‘As Is’ analysis has been approved by the Board of Advisors of the 
project. 
4.1. The company 
The company which has been chosen is Miroglio. It is an Italian fashion company, born in Alba 
in the province of Cuneo. Today it is an international group which has a consolidated turnover 
of over one billion euro and about 11 thousand employees in Italy and abroad. Now it is 
present in 34 countries with 59 operating companies. The fashion division has developed in 
parallel to its network of stores, now counting more than 1,900 one-brand shops.  
Miroglio Group currently operates through two separate companies: Miroglio Fashion (fashion 
business) and Miroglio Textile (specializing in textiles and thread/yarn).The fashion brands are: 
Motivi, ‘fast fashion’ business for young women, created in the 90s with a target age between 
20 to 35 years; Oltre, founded in 2001 as a natural evolution of Motivi for over 30 customers, 
and Fiorella Rubino, fast fashion as a solution dedicated to the generous sizes. 
The growing demand for generous garments with a modern and contemporary look, has led to 
the birth of Elena Mirò. They also complied with the ‘generous’ segment Luisa Viola, ‘by Krizia’ 
(developed in partnership with designer Mariuccia Mandelli from Milan) and Blue Time 
Fashion, aimed at girls. The "regular" business presents the following trademarks: Caractère, 
Diana Gallesi, Claudia Gil, Dream and Sym. 
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4.2. Supply Chain pilot - overview 
The supply chain pilot involves two players:  
ü Distribution center (DC) of Miroglio Fashion located in Pollenzo (CN);  
ü Point of sale (PoS) "Elena Mirò" located at the outlet district Fidenza Village. This is an 
out let store, that receives garments of the same season as the previous year. 
Therefore the garments came back from the normal store, they are reconditioned and, 
after that, they can be shipped to the outlet store. 
A possible schematic representation of the proposed pilot is shown in Fig. 3. 
Labeling Shipping Receiving Replenishment Fitting Inventory Check out
DISTRIBUTION CENTER POINT OF SELL
 
Fig. 3: Representation of the supply chain pilot. 
Interviews with the management resulted in a list of logistic processes impacted by RFID 
technology and analyzed in the project. The following list of the processes impacted is 
provided: 
ü DC logistic processes: 
Ø Labelling; 
Ø Shipping; 
ü Store logistics processes: 
Ø Receiving 
Ø Replenishment 
Ø Fitting 
Ø Check-out 
Ø Inventory 
The following figure show the logical flow of the processes. 
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REPLENISHMENT
FITTING
CHECK OUT
DC
STORE
 
Fig. 4: Processes impacted by RFID technologies. 
4.3. The products 
The products monitored during experimental campaign belong to the spring/summer 2009 
season. They can be divided into two categories: hanging items and folded items. The ‘hanging 
items’ are products shipped via z-rack and hung in the selling area of the store. This category 
includes dresses, jackets, pants, shirts, etc. The ‘folded items’ are shipped into a packages and 
include T-shirts, sweaters, jewellery, scarves, shoes, belts, bags etc. 
This categorization is important because the same process could need different activities with 
different effects on the RFID performance. In fact a different time consuming is expected when 
hanging items are read compare to items packed into a box. 
‘A
S
 IS
’ A
N
A
LY
S
IS
 
P
a
g
. 
2
4
 o
f 
1
4
1
 
4
.4
. 
T
h
e
 s
to
r
e
 
T
h
e
 p
ro
je
ct
 i
s 
m
o
st
ly
 f
o
cu
se
d
 o
n
 t
h
e
 s
to
re
 p
ro
ce
ss
e
s.
 F
o
r 
th
is
 r
e
a
so
n
 a
n
 o
ve
rv
ie
w
 o
f 
it
 i
s 
re
p
o
rt
e
d
 i
n
 t
h
e
 p
re
se
n
t 
se
ct
io
n
 (
se
e
 F
ig
. 
5
).
 
B
A
CK
-
ST
O
R
E
SE
LL
IN
G
 
A
R
EA
FI
TT
IN
G
 
R
O
O
M
S
FI
TT
IN
G
 
R
O
O
M
S
CH
EC
K
 O
UT
 
D
ES
K
EX
IT
B
A
CK
 
EX
IT
DOOR 1
 
F
ig
. 
5
: 
F
id
e
n
za
 s
to
re
 l
a
y
o
u
t.
 
‘AS IS’ ANALYSIS 
Pag. 25 of 141 
The store has only a 25 square meter back-store connected with the selling area by an inner 
door (DOOR 1). Two couples of fitting rooms are present, for a total of 4 fitting rooms. Near 
the exit a check-out desk is placed. All the selling area is furnished with displays and tables in 
order to show the garments. 
 
Fig. 6: Fidenza store, 3D model. 
4.5. Identification label 
Regarding the objectives of the project two types of identification labels will be described: 
ü Item-label (price-tag), used to indentify each garments; 
ü Case-label, used to identify the packages or a group of hanging items aggregated in a 
unique virtual box. 
The item-label reports the following information: 
ü Model number; 
ü Color; 
ü Season; 
ü Client number: the code which identifies the destination store; 
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ü Incremental number of the item aggregated to the case (virtual or real); 
ü EAN 13: reporting national code, company prefix and item reference; 
ü Description; 
ü Size; 
ü Original price; 
ü Discount (sometime omitted); 
ü Sale price. 
 
Fig. 7: Label information. 
The case-label is applied on the packages in order to identify them. The label is the same as the 
item-label except for graphics, in fact the following information are reported: 
ü Client number; 
ü Week; 
ü Device number; 
ü Incremental number of the case (it is reset every day); 
ü Number of items in case. 
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Fig. 8: Case-label. 
4.6. The processes 
The adoption of RFID technology acts, as a natural consequence, a changing of the activities of 
the company where it is adopted. This is clearly the case with Miroglio Fashion. To a proper 
understanding of the reengineered scenario, an overview of current operational procedures it 
is considered appropriate to present. The results of a previous systematic investigation of all 
logistic processes are following shown. All processes are describe following the physical and 
informative flows. 
4.6.1. Labelling 
At the end of each season the unsold garments of the standard stores are sent back to the DC 
in order to forward them in the outlet market. During their permanence in the DC, the 
garments must be verified and reconditioned. During the reconditioning activities each item is 
reset to its initial conditions of sale and the price-tag, reporting the original information, is 
substituted with a new one reporting new information like new price, discount, destination 
store.  
Before to start the process the operator selects, by an assigned PDA, the destination store e 
begins the process printing a case-label. All the item-label printed after it will be joined 
together. Subsequently the operator scans the barcode (EAN13) reported on the original label 
by a PDA with a barcode scanner embedded. The PDA application embeds a local database 
which links EAN13 code to all the information needed and send the printing command to the 
thermal transfer printer. In Fig. 9 the cross-functional flow chart of the process is shown. 
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destination on his 
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An item-label is 
printed
A case-label is 
printed
 
Fig. 9: Cross-functional flow chart of Labelling process. 
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The hardware devices involved are: 
ü Symbol PDA, by Motorola, with barcode scanner embedded, used to scan the barcode 
on the original label. An off-line database of the product details is installed in and 
allows the PDA to obtain all the information about the items and the relative labels; 
ü Zebra printer, battery powered, connected with the PDA through a Ethernet-WiFi 
adapter. 
ü PDA and printer are connected by a point-to-point wireless network. So the process 
can work off line without link with the company information system. 
4.6.2. Shipping 
At the end of the reconditioning activities, the garments are available to be shipped. The 
warehouse manager provides the assigned operator with the list of the garments to be 
shipped via paper document. The operator collects the garments and the packages and, after a 
last visual check, loads them into the courier’s trucks. 
The number of the items to be sent could be split in more partial shipments in order to 
optimize the journeys or to respect the particular demand of the destination stores. Each 
shipment is one-to-one type and it is associated with a Bill of Lading (BOL). The packages are 
aggregated in pallets of three or four layers each one formed by four packages. The hanging 
items, instead, are loaded on a returnable z-rack. The Fig. 10 shows the cross-functional 
process flow. 
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Fig. 10: Cross-functional flow chart of Shipping process. 
The Shipping process does not need particular hardware devices. Only a desktop computer is 
used in order to confirm the shipping details in the information system. The entered 
information reports the shipping arrangement. 
4.6.3. Receiving 
The shipment arrives, by courier, to the Point of Sale located into the Fidenza Village, outlet 
center close to Parma (IT). The receiving area is located in the assigned square on the back of 
the store. In case of a calm weather, the process is performed at the outside of the store but in 
case of bad weather it is performed inside of the store. After a quick check of the received 
items, the couriers is set free and the items are stored inside: a part of them in the selling area 
of the store, the rest in the back-store. A detailed check of the product is not performed so 
only evident errors could be detected (e. g. miss shipment). 
Subsequently, the shop assistants apply the antitheft pin to the received garments. During this 
activity a more detailed check is performed, but not sufficient to detect model or size errors. If 
no errors are detected the BOL is confirmed using an assigned application installed on the 
check out terminal. The cross-functional process flow is shown in Fig. 11. 
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Fig. 11: Cross-functional flow chart of Receiving process. 
No hardware devices are necessary to complete the process. The check-out terminal is used to 
confirm the BOL in order to update the virtual stock of the store. 
4.6.4. Replenishment 
In accordance with the company’s directives and in order to maximize the number of the 
variants displayed, at least an item for stock keeping unit (Sku
2
) is exposed in the selling area. 
When an out-of-stock is detected, during a normal activity or after a customer request, a shop 
assistant verifies in the back-store the availability of the Sku requested. In case of stock out 
inform the information system by the check-out terminal. The replenishment activities are not 
tracked, therefore a different stock management for the selling area and the back-store is not 
possible. That means the shop assistants have no way of checking the availability of the Sku 
requested without their experience, increasing the sales loss probability. 
The cross-functional process flow is shown in Fig. 12. 
                                                          
2
 Stock Keeping Unit: is an identification of a particular product that allows it to be tracked. In fashion 
business, an Sku is associated with any purchasable item with a particular style, color and size. 
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Fig. 12: Cross-functional flow chart of Replenishment process. 
No hardware devices are necessary to perform the process.  
4.6.5. Checkout 
After that all the processes have been placed, a customer who wants to buy one or more 
garments goes to the check-out desk. The shop assistant checks the items and removes the 
antitheft pins. Each price-tag is scanned, by bar code scanner, and the data is processed by the 
check-out terminal in order to obtain relevant information like description, price and discount. 
Before confirming the receipt, the shop assistant removes the labels and completes the 
procedure. The pendant removed are stocked in an assigned box for potential cash check, in 
case of mismatching. The barcode scanner communicates with the check-out terminal using 
keyboard emulator protocol. The same protocol can be used by RFID system in order to 
minimize the impact of the RFID software infrastructure on the check out application.  
Fig. 13 shows the cross-functional process flow. 
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Fig. 13: Cross-functional flow chart of Checkout process. 
As far as the process is concerned, a desktop computer, with ad hoc application, is used like a 
check out terminal. In addition the same desktop computer can be used for all the other 
activities of the store. 
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5. ‘TO BE’ REENGINEERING 
5.1. Introduction 
Starting from the AS IS analysis, the feasibility assessment should provide reengineering (‘TO 
BE’) scenarios, hypothesizing, through business process reengineering (BPR), a new definition 
of procedures, activities and operations to perform those processes adopting RFID technology 
[28]. Therefore from the framework described above, a proposal of business process 
engineering has been developed as a tool for a real-time traceability of each item through the 
supply chain. In according with the ‘pilot’ nature of the project, the processes have been 
reengineered minimizing the impact of the new activities on the original ones, even if same 
integrations, when possible, have been placed.  
In detail, at the distribution centre, a specific area was assigned to the experimental activity. In 
that area, each item destined to the pilot store, is reconditioned and the original price-tag is 
replaced with an RFID label. The RFID label is very similar to the original one except for some 
new information written on it and the inner RFID tag, programmed by the RFID Printer. The 
packages and the hanging items ready to be sent are temporarily stocked in a reserved area 
where the shipping process is placed. Thanks to this process, detailed data about the shipped 
garments can be available to the Receiving process in order to improve inventory accuracy. In 
fact the shop assistant can compare the garments received with the expected garments using 
the RFID devices and the appropriate software applications provided. This activity allow them 
to detect misalignments between the BOL and the items actually received. The receiving 
process updates the status of inventory, split into back-store inventory and selling area 
inventory. At the same time the information of traceability of the received items are stored in 
an appropriate DB compliant with the EPCglobal specifications. An application for RFID 
Replenishment process is provided, designed in order to reduce the activities in PoS. Thank to 
this application, the transition from back-store to selling area, and vice-versa, can be observed 
automatically in order to update in real time the two informative stocks. 
In order to solve possible misalignments between the real stock and the informative one, a 
process, named ‘RFID Inventory’, has been engineered and provided. Using a portable RFID 
device connected via WiFi network, the shop assistant can read all the garments in the selling 
area or in back-store updating the informative system. 
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Finally, the Check-Out process has been reengineered in order to speed up the activities 
thanks to a reading zone installed into the check-out desk, so the auto-detection of the 
garments in the reading area has been provided. As in the original process, at the end of the 
check out, the price-tags, now RFID, are removed and stored in a ‘trash container’ with an 
inner RFID antenna embedded. The labels stored into the trash container are periodically 
removed in order to evaluate the performance of the system. 
All data collected from the RFID processes, are stored in a EPC repository compliant with the 
EPC Global standards. These data are fed into a web applications, called RFID Dashboard, and 
shared with the companies involved. 
5.2. EPC Global Standard adoption  
In the present section, after a brief overview, the application of the EPCglobal Standards, in 
particular about the EPC Information Services (EPCIS) [34] and the Tag Data Specifications [35], 
is shown. 
EPCglobal™ 
EPCglobal is an organization founded with the aim to achieve worldwide adoption and 
standardization of Electronic Product Code (EPC) technology. The group is mostly focused on 
the creation of both a worldwide standard for RFID and the use of the Internet to share data 
via the EPCglobal Network (Internet of Things). Each player which wants to adopt the RFID 
technology and wants to be EPCglobal compliant, needs a data warehouse designed in 
accordance with the EPCIS standard. In this way it is possible to store, to manage and to share 
data through the supply network. The standard defines five event types: one very generic 
(EPCISEvent) and four subclasses. These can represent events originated from supply chain 
activities across a great variety of industries: 
ü ObjectEvent: event that happened to one or more entities identified by EPCs. For 
instance when a tagged garments is read during the shipping process, an ObjectEvent 
occurs; 
ü AggregationEvent: event that happened to one or more entities identified by EPCs 
that are physically aggregated together (in the same place at the same time). For 
instance when some garments are packed into the same box to be shipped, an 
AggregationEvent occurs; 
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ü QuantityEvent: event concerned with a particular number of items with a common 
EPCclass, but where the individual identities of the items are not specified, or it is not 
important. For instance when some garments of same Sku are moved from the back-
store to the selling area a QuantityEvent occurs; 
ü TransactionEvent: event in which one or more entities identified by EPCs become 
associated or disassociated with one or more business transactions. For instance when 
a package is shipped, it is associate with a Bill of Lading and a TransactionEvent occurs. 
Moreover, EPCIS standard provides the essential parameters to describe consistently each 
event type and the procedure to add more parameters when necessary. 
The essential parameters for each event type are followed reported and described: 
ü ObjectEvent: eventTime, recordTime, epcList, action, bizStep, disposition, readPoint 
ü AggregationEvent: eventTime, recordTime, parentID, childEPC, Action, bizStep, 
disposition, readPoint, bizLocation, bizTransaction 
ü QuantityEvent: eventTime, recordTime, epcClass, quantity, bizStep, disposition, 
readPoint, bizLocation, bizTransaction 
ü TransactionEvent: epcList, action, bizStep, disposition, readPoint, bizLocation, 
bizTransaction 
Event Time e Record Time 
EventTime and RecordTime provide time information about the event. The first one, 
EventTime, provide the time stamp at which the EPC event was occurred, while the second 
one, RecordTime (optional), inform about the time stamp at which this event was stored in an 
EPCIS Repository. These two fields are completed by an adding field, eventTimeZoneOffset, 
reporting the time zone. This is useful to compare events occur in different parts of the world. 
EventTime and RecordTime answer the question “When?”. 
EpcList, ParentEPC, ChildEPC e EpcClass 
EpcList, parentEPC, childEPC and epcClass provide information about the subject of the event: 
ü In regards to an ObjectEvent and a TransactionEvent, the EpcList is a list of one or 
more EPCs denoting the physical objects to which the event pertained. In the case 
study they are garments or packages.  
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ü In regards to an AggregationEvent, the objects to which the event pertained are a 
container (parentEPC) and which it contains (childEPCs). In the case study the 
association concern a case (parentEPC), both virtual and real, and one or more 
garments (childEPC); 
ü In regards to a QuantityEvent, the objects to which the event pertained is a class, 
reference, sku or article are indentified by an epcClass. 
These information answer the questions “Who?” or “What?”. 
An EPC (Electronic Product Code) is an universal schema used to identify objects or entities. 
The schema to use depend on the object or the entity to indentify. In the case study, the 
followings schemas are necessary: 
ü SGTIN (Serial Global Trade Item Number) used to identify a vendor unit. The URI 
schema is urn:epc:tag:sgtin-96:FFF.PPP.III.AAA where  
o FFF identify the SGTIN type (depend on the package type, see below); 
o PPP means Company Prefix (company identifier provided by GS1. In the case 
study, it is obtained by the EAN13 bar code); 
o III provides the Item Reference (Reference identifier unique into the company. 
In the case study, it is obtained by the EAN13 bar code); 
o AAA is the Serial Number (number wich idendify a prticolar item of the 
reference III).  
o In the case of an epcClass the schema is urn:epc:idpat:sgtin:PPP.III.*, where * 
means ‘any serial number’. 
ü SSCC (Serial Shipping Container Code) is used to identify shipping unit which contain 
different references. The URI schema is urn:epc:tag:sscc-96:FFF.PPP.III where: 
o FFF identify the SSCC type; 
o PPP is the Company Prefix; 
o III is the unambiguous number of the shipping unit. 
In the case study the FFF code is used to differentiate hanging items from the folded ones. In 
fact, in according with the standard, hanging items could be interpreted like ‘Full case for 
transport’ (FFF = 2), otherwise folded items could be interpreted like ‘Point of Sale Trade Item’ 
(FFF=1). Therefore an access to a backend information system is not required to distinguish the 
two garments type reducing the traffic connection and improving the devices’ performances. 
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BizStep e Disposition 
The bizStep parameter describes the business processes in which the EPC is involved, while the 
Disposition parameter provide a business state of the EPC, subsequent to the event. These 
information answer the question “Why?”. For instance, if a garments is reserved for a 
particular client or store during the Labelling process, the EPCevent will be having, as 
Disposition, the value “not_available” or “reserved”. This indicates the unavailability of 
that garment for other stores. 
ReadPoint 
A read-point, or tracking point, is a logical discretely location that is meant to identify the most 
specific place at which an EPCIS event took place. Conceptually, the Read Point is designed to 
identify ‘how or where the EPCIS event was detected’. A readPoint can be a physical RFID 
reader or not. In fact an unique RFID reader could be used to track items trough two different 
gates, in this case two readPoints will be defined, or more RFID readers could be used to 
implement a unique gate, in this case an unique readPoint will be defined. 
A readPoint could be defined using the EPC schema defined by General Identifier (GID), whose 
URI is: urn:pec:id:gid:MMM.CCC.SSS, where: 
ü MMM: General Manager, in the case study the Miroglio’s company prefix will be used; 
ü CCC: Object Class, it identifies a class or “type” of thing, It must be unique within each 
General Manager Number domain (see Tab. 1 below); 
ü SSS: Serial Number which indentify a specific read point. It is unique within each 
object class domain. 
Device type CCC 
Mobile Reader 300 
Fixed reader 100 
Printer 200 
Tab. 1: CCC value in the GID schema. 
BizTransaction 
A list of business transactions that denotes the context of this event. This parameter is 
obligatory only for Transaction events. 
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BizLocation 
BizLocation field identifies a certain company area where the EPC objects, concerning the 
event, may be found, until contradicted by a subsequent one. BizLocation parameter can used 
to identify a branch company, a building, a warehouse, a room or a storage location depending 
on the company needs. In according with the EPCIS specification the field bizLocation identify 
the place where the event object will be found at the end of the event. In the case study 
bizLocations identify different areas of the DC and the PoS. 
The EPC schema is defined by SGLN (Serial Global Location Number), whose URI code is 
urn:epc:id:sgln:PPP.III.AAA, where:  
ü PPP: Company Prefix; 
ü III: Location Reference, assigned uniquely by the managing entity to a specific physical 
location (see Tab. 2 below); 
ü AAA: Extension Component, assigned by the managing entity to an individual unique 
Location. 
Description III 
Labelling Area 102 
Shipping Area 103 
Back-store 220 
Selling area 225 
Oblivion 230 
Fitting room 225 
Check out 500 
Tab. 2: Location number (III) definition. 
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5.3. Hardware solutions 
In according with Miroglio company all the garments of the spring/summer 2009 destined to 
Elena Mirò store are tagged and monitored. 
The hardware device chosen are: 
ü RFID Tag: UPM Web, UHF GEN 2 with Monza3 chip, embedded into the price-tag; 
ü Speedway fixed reader, by Impinj; 
ü Handheld device: 
o Workabout Pro 2 with RFID module by Psion Teklogix; 
o Skeye with RFID module by Integral; 
ü Printers: 
o RZ400 printer with UHF RFID module, by Zebra Technologies; 
o B-SA4TP printer with UHF RFID module, by Toshiba Tec. 
In agreement with the company, it was decided to tag and monitor all the garments of the 
spring summer season, approximately 10,000 items for the store ‘Elena Mirò’. The new labels 
are similar to the old ones, with an inner RFID tag. The tags used are ‘wet inlay’ type, passive, 
compliant with the UHF EPC GEN 2 standards and a Monza3 chip is embedded. The choice of 
the tag was based on the dimension of the tag, compliant with the dimension of the original 
label, and the performance got by previously tests. 
5.4. General network infrastructure. 
Fig. 14 shows the network infrastructure installed among the players of the supply chain 
compliant with the EPCglobal standard. 
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Fig. 14: Network infrastructure 
The network infrastructure is set of:  
ü A LINUX server for the management of the RFID processes, installed in Miroglio’s DC, 
located in Pollenzo (CN), named RFID1; 
ü A LINUX server for the management of the RFID processes, installed in the store “Elena 
Mirò”, located in Fidenza (PR), named RFID2; 
ü Control and data elaboration infrastructure installed in RFID Lab, University of Parma, 
named RFIDlab. 
Following the communications between the items of the network infrastructure are described: 
ü RFIDlab accesses to RFID1 and RFID2 by a VPN connection in order to perform remote 
maintenance activities. Therefore, RFID1 and RFID2 are totally open to RFIDlab. 
ü In order to realize the Receiving process EPCglobal compliant, RFID1 and RFID2 must 
have internet access , in particular, RFID2 must be able to access to the data stored in 
RFID1 by https protocol. 
ü RFIDlab acceses, by internet network, to RFID1 and RFID1 in order to download data 
necessary to update the web Dashboard. 
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5.5. Network infrastructure installed in the store 
Fig. 15 shows the network infrastructure realized into Elena Mirò store. 
 
Fig. 15: Elena Mirò Network infrastructure. 
A modem is installed to provide internet access and placed near the check out desk. The 
infrastructure consist of two physical sub-networks, one realized near the check out desk 
connected by switch to the modem and the check out reader, the other placed into the back-
store connected by switch to the server, the two fitting readers, the replenishment reader, the 
WiFi access point and, finally, the RFID printer. The two sub-networks are able to communicate 
in order to share internet connection. The WiFi access point allow the communication with the 
wireless devices: handheld devices and inventory reader. 
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5.6. Database description 
The database infrastructure is more complex than that described below, in fact al lot of table 
are used by the middleware RFID and the capturing application. The description below is 
limited to the essential tables used by the reengineered processes and necessary for their 
comprehension. 
There are three main tables used by the processes in order to work correctly, in addition the 
same tables will be used to extract the necessary data for the evaluation of the metrics. 
The three tables are: 
ü Anagrafica_prodotti (product description): it contains all the information about every 
Sku (standard keeping unit). In particular the necessary data for the label printing are 
stored in. The key field is ‘EAN13’ which represent the barcode; 
ü Letture_epc (epc readings): it contains all the EPCIS object events. The key field is ‘id’ 
because the field ‘EPC’ can be repeated in fact more events can involve the same EPC; 
ü Ultima_location (last location): it contains the last location for each EPC. The key field 
is EPC because every EPC can have only one location. The ‘location’ field is modify by 
the process executions. 
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5.7. Business process reengineering 
In accordance with the above, in the next sections the reengineered processes are reported. 
Each process will be described using four sub-sections: 
ü Business Process Reengineering: description of the process and evolution from a row 
idea to stable and final procedure. Therefore critical situations and their solutions will 
be reported in order to provide general rules for an RFID implementation. 
ü Hardware devices: description of the hardware devices employed on the process. 
ü Data flow: description of the EPCIS events generated during the process. 
ü Barriers and solutions: summary of the principal barriers occurred, the solution 
suggested and implemented. 
5.7.1. RFID Labelling 
Business Process Reengineering 
The new process reengineered needs an integration with the back end system. In fact the 
access to the database, where all the information about the garments are stored, is necessary 
in order to print an RFID label similar to the previous one. 
One of the mobile devices (PDA with bar code scanner embedded) used by the operator to 
create the price tags has been assigned to the new RFID process. The previous application has 
been adapted in order to communicate with the RFID server which controls the printer. 
Therefore, when the operator needs to work on pilot garments he/she uses the mobile device 
assigned. By the application installed, he/she chooses the point of sale and the process can 
start. Subsequently, by the same application, the operator ‘opens’ a new case, that means the 
application generates a virtual, or informative, box and all the garments printed after this are 
aggregated with it, and the case-label is printed by the RFID printer. In fact a command is sent 
to the RFID server which generates the correct EPC (SSCC type) and forward the data to the 
printer. After that, the operator can start labeling garments and scans the bar code of the 
original label of the first item. The device obtains, from its off-line DB, the information to print 
and send the data to the RFID server. This, by assigned web service, elaborates the data just 
received, generates the EPC code (SGTIN type) and forward the command to the printer which 
prints the new label writing, at the same time, the EPC code. After that the operator can 
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substitute the old price-tag with the RFID one. In Fig. 16 the cross-functional flow chart is 
shown. 
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Fig. 16: Cross-functional flow chart of RFID Labelling.  
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The graphics of the new label is quite similar to the old one. Some new information has been 
added in order to recognized each item and distinguish it from the others. In fact, with the 
implementation of the RFID system, the management logic switches from the management of 
the Sku to the management of the single item. Therefore two new information are printed: 
ü Filter: could be 1 or 2, depending on the garment type (hanging item or folded items). 
ü Serial: it is the serial number of the SGTIN. All the serial number printed by the 
Labelling process end with ‘0’. In order to distinguish them from the label printed in 
Elena Mirò store which end with ‘1’. 
In Fig. 17 an example of a label is provided. 
 
Fig. 17: RFID Label. 
Hardware devices 
The equipment installed is: 
ü Mobile device (already used by operator) connected to the network by a WiFi 
connection. In the ‘As Is’ scenario the mobile device was connected directly to the 
printer, in the ‘To Be’ process it is connected to the network in order to communicate 
with the server; 
ü Portable trolley with RFID printer and batteries embedded, connected by WiFi 
connection to the RFID server; 
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Data flow 
EPCIS OBJECT ADD- case Event 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SSCC 
Action = “ADD” 
BizStep = urn:rfidlab:bizstep:fashion:Labelling 
Disposition = “ready_to_ship” 
ReadPoint = urn:epc:id:gid:95100046.200.1,2 (printer’s GID) 
BizLocation = urn:epc:id:sgln: 95100046.102.1 
BizTrans = “null” 
EPCIS OBJECT ADD-item Event 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN generated 
Action = “ADD” 
BizStep = urn:rfidlab:bizstep:fashion:Labelling 
Disposition = “ready_to_ship” 
ReadPoint = urn:epc:id:gid: 95100046.200.1,2 (printer’s GID) 
BizLocation = urn:epc:id:sgln: 95100046.102.1 
BizTrans = “null” 
EPCIS AGGREGATION ADD Event 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
Parent EPC = SSCC 
ChildEPCList = SGTIN generated 
Action = “ADD” 
BizStep = urn:rfidlab:bizstep:fashion:Labelling 
Disposition = ready to ship  
ReadPoint = urn:epc:id:gid: 95100046.200.1,2 (printer’s GID) 
BizLocation = urn:epc:id:sgln: 95100046.102.1 
BizTrans = “null” 
  
‘TO BE’ RE-ENGINEERING 
Pag. 48 of 141 
Barriers and solutions 
A list of the most important barriers happened are reported in Tab. 3. 
Barrier Description Issue Solution 
Network 
infrastructure: 
 
Point-to-point 
communication between 
PDA and printer, off-line 
updating of the data store in 
PDA’s memory. 
EPC uniqueness cannot be 
guaranteed. If more PDAs 
work in same time on the 
same Sku (item reference), 
they cannot know the last 
serial number used. 
Shared Wifi network has 
been deployed in order to 
share the EPC generator, 
guaranteeing the uniqueness 
of the EPCs generated. 
Visual 
recognition of 
the item-label 
The original label do not 
allow the distinguishing of 
each item of the same Sku 
because only the EAN13 
code is written. 
No information on the item-
label can be used to 
distinguish each item of the 
same Sku. 
New information (filter and 
serial) are printed in order to 
recognize each item and 
identify manually the EPC 
code. 
Tab. 3: Barriers and solution of the Labelling process. 
5.7.2. RFID Shipping 
Business Process Reengineering 
The RFID process is performed in a assigned staging area and involves only the tagged items 
(packages and hanging garments). From the ‘As Is’ analysis it is clear that an accurate check of 
shipment is not performed and this could increase the error rate, unknown at the moment. 
The new RFID process wants to evaluate and solve this issue.  
The Labelling process provides the aggregation information (virtual or real box with items), so 
it possible to verify if all garments previously prepared are correctly shipped comparing the 
aggregation information with the actual readings. 
The Shipping process can be split into sub-processes involving each single box, virtual or real. 
By this procedure the amount of data to elaborate is reduced in order to improve the 
computing power of the device. Each sub-process can be performed using two different 
devices, the RFID Handheld device or the RFID cage (see below). 
An RFID Handheld device (industrial PDA with RFID reader and antenna embedded) is provided 
and an assigned application is installed. The operator starts the application and can select one 
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of the cases to be shipped from the list downloaded from the RFID server via WiFi Network. 
He/she types in the BOL number and starts the reading. Automatically the device downloads 
the EPCs of the items aggregated and compares them with the EPCs actually read. 
Three possible cases can happened about each EPC: 
a) Expected EPC is read. Best situation, one of the EPCs belonging to the expected list is 
correctly read and it is shown on the application interface; 
b) Expected EPC is not read. One of the EPCs belonging the expected list is not read by 
the device. The gap is shown on the application interface. The operator can decide to 
confirm it or ignore the alarm. 
c) Unexpected EPC is read. It is ignored by the application in order to reduce the device 
computing stress. 
After a variable time, the operator can decide to stop the reading in order to check the status 
of process (number of missing items) and if he/she is satisfied he/she can decide to terminate 
the process. In this case the list of the EPCs read, or manually confirmed, is sent to the RFID 
middleware in order to generate the EPC events. The data about the process are, in this way, 
stored in DB. 
During the fine tuning activity, a particular behavior was observed: with a great quantity of 
garments the device was not able to complete the check algorithms. After some tests it 
became clear that the computing power of the handheld device was not sufficient to check all 
the EPC to be detected. A new installation was, therefore, necessary and RFID cage was 
designed, made and installed (Fig. 18).  
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Fig. 18: RFID Cage installed at the DC. 
The RFID cage is composed of a metal cage (aluminum chassis and steel cloth), a RFID fixed 
reader and four circular polarized antennas. The metal cage provides the RFID shield and 
confines the read area into the cage, therefore the outer tags cannot be read. In addition the 
reflection of the signal, obtained by the metal surfaces, increases the probability of reading 
every single RFID tag. Moreover the fixed reader provide a 2 Watt signal (instead of 0.5 Watt 
provided by the HH device) and the four antennas expand the reading area to all the cage. 
Finally all the computing activities are trusted to the RFID server which has a higher computing 
power. 
Obviously an RFID cage is not a solution for a real implementation (too expensive and too 
time-consuming), but it can deemed as a proof of concept of an RFID tunnel or shielded gate, 
more suitable for a real implementation. 
Basically, the new RFID system does not change the process activities, even if the unexpected 
tag can be managed in order to identify all the packaging errors. 
In Fig. 19 and in Fig. 20 the cross-functional flow chart is shown. 
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Fig. 19: Cross-functional flow chart of Shipping process performed by HH RFID. 
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Fig. 20: Cross-functional flow chart of Shipping process performed by RFID cage. 
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During the experimental campaign some non-RFID friendly garments, named ‘critical 
garments’, were recognized. These kinds of garments have the property of being made with 
metal yarn or metal ornament. These create a shield that reduce the reading performance and 
the accuracy of the process. In fact not only these kind of garments cannot be read, but also 
the garments closer them. At the moment more tests are being performed in order to find a 
more performing tag. However, these kinds of products can be managed using special 
procedures. For instance it is possible to move the box into the cage in order to read all the 
items, or open the box in order to separate them. Specific time measurements are performed 
in order to compare the read time with normal items and with ‘critical’ ones. 
Hardware devices 
To perform the process, the following hardware devices and equipments are necessary: 
ü RFID Handheld device with WiFi connection (Skeye Integral); 
ü RFID cage, composed of 
o Metal cage, 2.20h x 1.20 x 3.30 meters, aluminum chassis and steel cloths; 
o RFID application installed on an assigned PC; 
o One fixed reader (Impinj Speedway Revolution) with Ethernet connection; 
o Four circular polarized antennas (Impinj), two for each long side mounted at a 
height of 0.70 and 1.40 meters. 
Data flow 
Item reading: event type object observe 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “OBSERVE” 
BizStep = urn: rfidlab:bizstep:fashion:shipping 
Disposition = “shipped” 
ReadPoint = urn:epc:id:gid:95100046.300.1/100.6 (HH device/cage) 
BizLocation = urn:epc:id:sgln:95100046.103.1 
BizTrans = BOL number 
Case-reading: event type object observe 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SSCC 
Action = “OBSERVE” 
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BizStep = urn:rfidlab:bizstep:fashion:shipping 
Disposition = “shipped” 
ReadPoint = urn:epc:id:gid:95100046.300.1/100.6 (HH device/cage)  
BizLocation = urn:epc:id:sgln:95100046.103.1 
BizTrans = BOL number 
Relationship between Bill of Lading and Items: transactionEvent  
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “ADD” 
BizStep = urn: rfidlab:bizstep:fashion:shipping 
Disposition = “shipped” 
ReadPoint = urn:epc:id:gid:95100046.300.1/100.6 (HH device/cage) 
BizLocation = urn:epc:id:sgln:95100046.103.1 
BizTrans = BOL number 
Barriers and solutions 
A list of the most important barriers happened are reported in Tab. 4. 
Barrier Description Issue Solution 
Low HH device 
computing 
power: 
 
The HH device computing 
power is not enough to 
complete all the check 
algorithms needed when 
more than 100 tag are 
present. 
The process cannot be 
successfully completed. 
An RFID cage was designed 
and made in order to trust 
the computing to the server 
and improve the 
transmission power. 
Low HH device 
read accuracy 
The HH device cannot read 
all the critical garments into 
a box. 
The process cannot be 
successfully completed. 
The box needs to be open, or 
the process is performed by 
RFID cage  that is more 
powerful. 
Tab. 4: Barriers and solution about Shipping process. 
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5.7.3. RFID Receiving 
Business Process Reengineering 
‘As Is’ analysis has shown a major problem: there are not accurate controls of the garments 
received from the store. The shop assistants just count the garments and the boxes, but they 
don’t check the mix, therefore errors can happen. A more accurate and effective control can 
identify shipping errors reducing misalignments between real inventory and informative one. 
An RFID implementation can provide a solution for this problematic behavior. 
The last version of the process is subsequently described. The shop assistant can choose 
between two procedures to perform the process using two different RFID systems. In fact the 
shop assistant can decide to use the RFID handheld device provided and/or the RFID 
replenishment gate (described in section 5.7.4, p. 65). 
The double possibility has been provided since the RFID handheld device performances were 
not, at this time, sufficient to complete all the operations. For this reason an application has 
been developed and installed on an all-in-one pc in order to control the RFID replenishment 
gate. Fig. 21 describes the decision flow regarding the choice of the correct procedure. 
Receiving of the 
garments
Do you want to 
use the gate?
Reading fulfil ?
End
YES
RFID handheld 
device procedure
RFID 
replenishment 
gate procedure
YES NO
NO
 
Fig. 21: Receiving decision flow. 
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As the decision flow shows, the shop assistant can break off the process anytime and change 
device. For instance she/he can start the control using the RFID replenishment gate identifying 
one or more missing items in a package. She can decide to stop the operation and no longer 
check the box in order to carrying on with other activities. In the same way, during the 
application of the anti-theft pins, for example, she can use the Handheld device to find the 
missing items reading them after the opening the packaging. 
Both the procedures are based on the data transfer from the DC database to the store one. 
Thus this the receiving application can be aware of all the expected items and compare them 
with real readings. Therefore the shop assistant, after have chosen the store area, types in the 
BOL code and the boxes associated are shown by the application. She/he selects the case 
number she/he want to check and start the reading. At this moment the two procedure are 
different. In fact the handheld device application will ignore the unexpected readings, while 
the RFID replenishment gate will not. Since it ignores the unexpected readings, the handheld 
application needs less computing resources and can increase the elaboration rate, but it 
cannot detect every kind of error. 
When all the items are read, or the shop assistant think more readings are not possible, he/she 
stops the reading and forward the data to the server in order to update the expected list and 
the informative stocks. 
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Fig. 22: Cross-functional flow chart of Receiving process performed by RFID handheld. 
Thanks to the application interface, each read tag is highlighted in order to differentiate these 
from the unread ones. When all the expected tags are read, automatically, the application 
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stops the reading and informs the user, and also he can stop it any time he wants without  
losing the information. 
The EPCIS events are: 
ü ObjectEvent, action OBSERVE, because some items are read; 
ü AggregationEvent, action DELETE, because an aggregation between case and its items, 
existing before, is terminated; 
ü TransactionEvent, action DELETE, because, once received, the connection between 
items and Bill of Lading is canceled. 
The cross functional diagram of the receving process performed by the RFID replenishment 
gate is shown in Fig. 23. 
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Fig. 23: Cross-functional flow chart of Receiving process performed by RFID replenishment gate. 
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Hardware devices 
In order to perform the process the following devices have been provided: 
ü RFID Handheld device (Psion Workabout Pro2), connected by WiFi Network. 
ü RFID replenishment gate, composed by (for more details regarding the gate design see 
section 5.7.4, p. 65): 
o RFID fixed reader (Impinj Speedway); 
o Four Near field antennas, two for each side; 
o RFID shield (quantum sufficit); 
o All-in-one pc for control of the software applications. 
Data flow 
Item reading: event type object observe 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “OBSERVE” 
BizStep = urn: rfidlab:bizstep:fashion:receiving 
Disposition = “received” 
ReadPoint = urn:epc:id:gid:95100046.300.2/100.1 (HH/gate) 
BizLocation = urn:epc:id:sgln:95100046.220.1/225.1 (back store/selling area) 
BizTrans = BOL number 
End of the relationship between Items and case: aggregationEvent 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
Parent EPC = SSCC 
ChildEPCList = SGTIN generated 
Action = “DELETE” 
BizStep = urn:rfidlab:bizstep:fashion:Labelling 
Disposition = ready to ship  
ReadPoint = urn:epc:id:gid:95100046.300.2/100.1 (HH/gate) 
BizLocation = urn:epc:id:sgln:95100046.220.1/225.1 (back store/selling area) 
BizTrans = BOL number 
End of the relationship between Bill of Lading and Items: transactionEvent 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
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Action = “DELETE” 
BizStep = urn: rfidlab:bizstep:fashion:shipping 
Disposition = “received” 
ReadPoint = urn:epc:id:gid:95100046.300.2/100.1 (HH/gate) 
BizLocation = urn= urn:epc:id:sgln:95100046.220.1/225.1 (back store/selling area) 
BizTrans = BOL number 
Barriers and solutions 
A list of the most important barriers happened are reported in Tab. 5. 
Barrier Description Issue Solution 
Low HH device 
computing 
power: 
 
The HH device computing 
power is not enough to 
complete all the check 
algorithms needed when a 
great amount of tag is 
present. 
The process cannot be 
successfully completed. 
A new software application 
is developed in order to use 
the RFID replenishment gate 
as receiving gate (signal and 
computing capability more 
powerful). 
Low HH device 
read accuracy 
The HH device cannot read 
all the critical garments into 
a box. 
The process cannot be 
successfully completed. 
The box needs to be open, or 
the process is performed by 
RFID cage that is more 
powerful. 
Time consuming Sometime, the process 
needs too much time to be 
completed. 
Shop assistant cannot 
dedicate so much time to the 
process, so it is not 
complete. 
Integration between HH 
device and replenishment 
gate. The results of the two 
way can be added together. 
Replenishment 
gate fine tuning 
see section 5.7.4, p. 65 see section 5.7.4, p. 65 see section 5.7.4, p. 65 
Low power of 
replenishment 
gate 
As result of the fine tuning 
activity of the replenishment 
process , the power of the 
replenishment gate has been 
reduced. 
The accuracy of the gate is 
enough for the purposes of 
the receiving process. 
The software application can 
change the reader power 
depending on the active 
process. 
Tab. 5: Barriers and solution about Receiving process. 
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Upgrade: Management of the garments without label 
The experimental campaign has highlighted a particular issue underestimated at the 
beginning: unwanted detachment of the price tag from the garments and their loss. This 
common event represent a source of error for all the subsequent processes. It can happen 
during the load and unload processes involving, specially, the hanging items (folded items are 
put into the box so they do not need to be handled), or during the handling activities in the 
shop. 
The first case can greatly impact on the labor time of the receiving process, due to the time 
necessary to identify the missing item. In fact, the shop assistant may have to check all single 
hanging garments in order to find the missing label. 
In order to eliminate the impact of this issue on the consequent processes a new application 
has been developed which allows printing a new RFID label. The application consists of two 
sub-applications, one running on the handheld device, the other one running on the server 
integrated with the RFID Middleware. 
By the handheld application the operator can chose between two option: 
ü Ristampa semplice (Basic Printing): this mode requires the barcode scanner 
embedded in order to obtain the necessary information automatically, for this reason 
another label of a garment with identical characteristics is needed. So this mode is 
used when other similar items are present or when the label is, even if not missing, not 
working. 
ü Ristampa avanzata (Advanced Printing): this mode doesn’t require the barcode 
scanner embedded. The operator has to type in some known information, for instance 
the model, and the application returns the other available characteristics. From this list 
she can select the right Sku and print the label. This mode is used when the 
characteristic of the garment are unknown or when no other garment of the same Sku 
is present in the shop. 
After that the shop assistant can startup the printing sending data to the server application 
which generate the new EPC, compliant with the requests, and controls the printer. In Fig. 24 
the cross-functional diagram is shown. 
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In order to assure the uniqueness of the SGTIN created in the store (store server and DC server 
are not, in fact, real time updated), it was established to end the serial number with ‘1’ if the 
SGTIN is generated in the shop, with ‘0’if it is printed at the DC. 
When the printing of a pre-existent label is performed during the receiving process the 
operator must: 
1. Read also the new label; 
2. Flag manually the new EPC read (unexpected list) and terminate the process.  
3. Now the case is still in the expected list because the operation is not complete, so it 
need to be manually delete by an assigned interface developed. 
LABEL RE-PRINTING
RFID PrinterRFID MiddlewareHandheld 
applicationShop Assistant
Unlabel item 
detection Application start
“Print” button
Mode?
“Basic Print”
Procedure
Basic
“Advanced 
Print”
Procedure
Advance
Request for 
information to print
Forward command 
to the printer Label printing and 
tag writing
End
Query and SGTIN 
generation
Data storing
Object,ADD
 
Fig. 24: Cross-functional diagram of the Label reprinting procedure. 
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The suggested procedure is justified as beneficial by reducing of the labor time. In fact the 
operator needs about 15 seconds the perform it, instead of about 2 minutes necessary by the 
previously procedure
3
, actually a 87% time reduction.  
Data flow 
Item writing: event type object add 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN (ending with ‘1’) 
Action = “ADD” 
BizStep = urn: rfidlab:bizstep:fashion:Labelling 
Disposition = “received” 
ReadPoint = urn:epc:id:gid:95100046.200.2 
BizLocation = urn:epc:id:sgln:95100046.220.1/225.1 (back store/selling area) 
BizTrans = Bill of Lading code. 
 
  
                                                          
3
 Previously, the operator had to find the information using an assigned software application installed on 
the checkout desk. 
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5.7.4. RFID Replenishment 
Business process reengineering 
From the ‘As Is’ Analysis it is clear that the existing process does not need either technological 
supports or devices. In fact the shop assistants are free to decide how to manage the 
exposition following the company directives, hence they have not any system to detect out-of-
stock in the selling area, which can lead up to a sale loss. In addition, possible shrinkage is 
unknown and the informative inventory is not correctly updated, so generating order errors. 
For this reason, the process reengineering aims to prevent these issues by managing two 
different inventories: back store inventory and selling area inventory. In this way it is possible 
monitor the stock of the garments in the selling area and to send alarm when a stock out 
occurs, or to create a new module able to help shop assistant during the purchase process 
helping their customers. In addition the new process should have the minimum impact on 
their activities in order to reduce the labor time, necessary to help the customer during his 
decision process. 
For these reason an RFID gate, with a all-in-one pc, was installed near the door which connects 
the back-store to the selling area. The system automatically starts and detects all the garments 
passing through and, based on the history of each of them, determines the new location 
updating the inventory. For instance, if the shop assistant needs to replenish a shirt, she goes 
to the back store, brings the correct shirt and comes back in the selling area. The reader read 
the shirt label and determines the present location associated (back store). The application 
shows the shirt and the new location (selling area). After a set time the new location is 
automatically confirmed and the two inventories updated. During the set time the shop 
assistant can pause the application, restart it or forced the new location regardless of the 
suggested one. 
Moreover, it is clear that the RFID gate is installed where a lot of tags are present, so 
unwanted readings can happen, or previous errors can lead to mistaking the right location. For 
these reasons the application allows the shop assistant to enter the location manually. In the 
following table (Tab. 6) some critical situation are shown: the first column report what the 
shop assistant is doing, the second one report the correct application response, the third one a 
possible error, the fourth one the cause of error, the last one the solution. 
In Fig. 25 a basic cross-functional diagram is shown. 
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REPLENISHMENT
Application RFID Middleware RFID ReaderShop assistant
Automatic or 
manual startup
Reading startup
Reader started
Tags detection
Passing through the 
gate with the 
tagged items
Location 
determinationEPC visualization
Wait the set time
Location OK?
Location forcing 
Forward commad
Location update
Inventories update
Object,OBSERVE
Data storing
 
Fig. 25: Cross-functional diagram for the replenishment process. 
Hardware devices 
The necessary equipment is composed by: 
ü Reader RFID Impinj Speedway; 
ü Four near field MTI antennas (MT-249567/NCP) installed near the access door 
between selling area and back store; 
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ü All-In-One Pc Asus eeeTop 1610; 
The antennas have been installed two on each side of the passage (see. Fig. 26) with staggered 
heights in order to cover all the reading area (see Fig. 27). In order to confine on the reading 
area only in the passage reducing the probability of unwanted readings, Nikitin et al. propose 
some approaches [36]: 
1. install an UHF RFID system with standard (far-field) antennas and low reader output 
power in order to reduce the reading area. This solution has lowest cost (no new 
special reader antennas or tags are required), but, because of lower reader output 
power, reading performance (long range, material insensitive) should be inadequate 
with RF non-friendly objects such as critical garments; 
2. short range UHF tags combined with standard (far-field) antennas transmitted in full 
reader output power mode. The tags should be designed with a magnetic antennas or 
they can be intentionally mismatched by tuning in order to be activated only near the 
antennas where the fields are strong. Such a system does not need ad hoc detecting 
device (reader and antennas) but a particular tag needs to be designed (high costs) in 
order to achieve the wanted aim; 
3. use special near-field reader antennas and tags. Such system will have the best 
performance but also the highest cost regarding the reading system, although these 
technologies are now enough common. 
Even if more expensive the best choice is the third one: near filed antennas. The most 
important coupling mechanism in the near field UHF RFID can be either magnetic (inductive) or 
electric (capacitive) [36]. Inductive coupling systems, where most transmitting energy is 
emitted in a magnetic field, are mostly influenced only by objects with significant magnetic 
permeability. Such materials are not common in fashion business, which is why this coupling is 
used in systems that are able to operate in close proximity to metals and liquids (for instance 
the human body). Capacitive coupling systems, where most transmitting energy is emitted by 
the electric field, are jammed by objects with high dielectric permittivity. 
On the right side (coming out from the back-store) an all-in-one pc has been installed and 
connected via LAN to the other devices. The PC controls the devices and shows the application 
developed. 
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Fig. 26: RF shields implementation. 
 
Fig. 27: Representation of the RFID replenishment gate. 
The initial installation phase has proved that only the near-field antennas are insufficient to 
prevent unwanted readings. For this reason RF shields are installed near the gate, in particular: 
ü sheath shielding sticker attached to the inner wall of the back-store. It not only 
prevents the detection of the garments stored in the back-store (plasterboard wall is 
RFID permeable) by replenishment gate but also by mobile devices used to perform 
other processes, such as Inventory (see Fig. 26 (1)) 
ü shielding plate installed next to the exhibitor near the gate in order to prevent the 
detection of the items displayed (see Fig. 26 (2)); 
ü wire metal mesh applied to the inner face of the door in order to prevent the reading 
of the items placed close to it (Fig. 26 (3)) 
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In addition to passive shielding, reader power was reduced (65%) in order to trade off between 
the efficiency (read the moving items) and effectiveness (read only moving items). 
Data flow 
Reading event  
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “OBSERVE” 
BizStep = urn: rfidlab:bizstep:fashion:replenishment 
Disposition = “replenishment” 
ReadPoint = urn:epc:id:gid: 95100046.100.1 (gate)  
BizLocation = urn:epc:id:sgln:95100046.220.1/225.1 (back store/selling area) 
BizTrans = ‘null’ 
Barriers and solutions 
A list of the most important barriers happened are reported in Tab. 7. 
Barrier Description Issue Solution 
Selectivity 
 
The gate must read only the 
items that are passing 
through.. 
This can cause unwanted 
readings and inventory 
inaccuracy 
ü Near field antennas 
ü RFID shields; 
ü Reader power tuning; 
Detection errors Some unwanted items can 
be read 
Inventory inaccuracy. Application with human 
interface which allow the 
user to stop, restart or 
correct the readings. 
Localization 
errors 
Historic data errors can 
mistake the determination of 
the new location. 
Inventory inaccuracy. Application with human 
interface which allow the 
user to stop, restart or 
correct the readings.. 
Tab. 7: Barriers and solution about Receiving process. 
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Upgrade: inventory management application 
The fine tuning phase has provided useful directions to the development of a new application 
able to help shop assistants to increase customer services. Indeed this application provides the 
inventory stock of a certain item model. This is useful, for instance, when a customer is not 
able to find a certain size (or color) of a certain model. In this case the shop assistant can check 
the inventory and verify if the requested size is present in the store and where. In Fig. 28 the 
procedure is described: on client request, the shop assistant goes, with an item of the same 
model, to the replenishment gate, the item label is shown and the replenishment application is 
paused. On selecting the right line, relative to the requested item, the application shows the 
stock for each size and color of the same model split for location (back-store, selling area, DC). 
In this way the shop assistant can quickly check if the requested size is present in the shop and 
where it is. If the size is not present she can suggest an alternative minimizing the risk of loss of 
sale. The customer has not to wait for long researches and customer satisfaction increases.  
In addition, if no items is present, the shop assistant can inform the DC in order to request it 
and reduce the out of stock level.  
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Fig. 28: Cross-functional diagram of the inventory managment application. 
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5.7.5. RFID Fitting 
The RFID fitting is one of the most easy process reengineered. In fact it is totally automatic and 
it doesn’t need any human intervention, a part from maintenance activities. In addition this 
process is totally new in the fashion scenario and represent a new and unknown source of 
information. In fact the RFID fitting is able to provide information relatives to the garments 
appeal, fitting frequency also in relation to the sales. In this way departments such as 
marketing, style, design and store management can have access to interesting information in 
order to increase its appeal increasing the sales. For instance it is possible identify garments 
often fitted but seldom bought, probably because unsuitable. This kind of garments represents 
a loss for the shop because they take up space that can be used by other more productive 
items. Or it is possible determine when, during the work-day, the maximum need of personnel 
occurs in order to provide the best service.  
In compliance with the management requests some constraints are defined in order to 
minimized the impact of the new technology on the customer behavior: 
ü RFID antennas must be hidden, the customers shouldn’t recognized they are being 
monitored (no privacy information is obtained); 
ü RFID antennas must read just the fitted garments; 
On the base of the constraints reported above, the process is engineered in the following way. 
The application automatically starts in the morning and stops in the evening, after the closing 
time. Of course an interface enables the user to start and stop monitoring manually each 
fitting room. 
During this time all garments which are brought into the fitting room are read and stored in 
the DB for successive analysis (see Fig. 29). The readings are filtered in order to reduce the 
amount of data. The rule is to ignore the readings of an item if less than three minutes are 
passed from the last readings. In addition the RFID fitting process is able to update the location 
of the garments detected. For instance, if the location of a garment is back-store and it is seen 
in a fitting room, it means that that garment is in not still in the back-store but in the selling 
area, therefore its location must be modified. 
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Fig. 29: Cross-functional diagram for the Fitting process. 
Hardware devices 
About the fitting room the follwing equiopment has been installed: 
ü Two RFID Readers Impinj Speedway 
ü Four (two for each reader) near field antennas by MTI (MT-249567/NCP), each one 
installed in one fitting room; 
In according with the company requests the antennas have been hidden into the plasterboard  
wall (RFID friendly material). The fitting rooms can be organized in two couples, each of which 
are monitored by a reader and two antennas. In order to force the reading area into the each 
fitting room, some RF shields have been installed (see Fig. 30). In  
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Fig. 30:Installation schema of the RFID antennas into the fitting rooms. 
 
Fig. 31: 3D representation of the fitting room 1 and 2. 
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Fig. 32: 3D representation of the fitting room 3 and 4. 
Data flow 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “OBSERVE” 
BizStep = urn: rfidlab:bizstep:fashion:fitting 
Disposition = “fitted” 
ReadPoint = urn:epc:id:gid: 95100046.225.1/2 (fitting rooms 1,2/fitting rooms 3,4) 
BizLocation = urn:epc:id:sgln:95100046.220.1 
BizTrans = ‘null’ 
Barriers and solutions 
A list of the most important barriers happened are reported in Tab. 8. 
Barrier Description Issue Solution 
Selectivity 
 
The readers must read only 
the items brought into the 
fitting rooms.. 
This can cause unwanted 
readings and inventory 
inaccuracy 
ü Near field antennas 
ü RFID shields; 
ü Reader power tuning; 
Great amount of 
data 
Each time a garment is 
detected data is stored in DB 
Calculation hard and 
complex. 
Data filetering. 
Tab. 8: Barriers and solution about Fitting process. 
  
RFID FASHION DASHBOARD 
Pag. 77 of 141 
5.7.6. RFID Inventory 
Business Process Engineering 
Some studies demonstrate how the RFID technology can improve the inventory process 
performances [37], [38], [39]. For this reason the process has been engineered and an 
important experimental campaign has been performed. In addition, according the 
management, some errors can occur during the other processes so a system to fix informative 
inaccuracy is necessary. In fact thanks to this process it is possible read all the garments in a 
certain area and modify their locations. The process is very easy and requires only a mobile 
device. 
The operator starts the application and selects the area to control and the mode option. In fact 
there are two options: standard or complete. There are no differences in term of operations, 
but just in term of data storing. At the beginning the application download from the RFID 
server all the SGTIN expected and compare them with the readings. When an expected SGTIN 
is read its location is confirmed, when a new one is read, its location is updated, when an 
expected SGTIN is not read a decision is needed. The reason for a lack of reading can be due 
to: 
ü a real lack of the garments, owing to shrinkage; 
ü a real lack of the garments, because it is located in the other location; 
ü technologic limits. 
The issue is that the real reason is unknown so a human interpretation is needed. If the 
garment was stolen the system must be able to show its lack, if it is in a different location, it 
will be probably read during the another one and its location will be updated. But, if some 
technological limit has occurred its location should not be changed. For these reasons two 
inventory modes have been developed. By the ‘standard’ mode, the loss readings are viewed 
such as a technological inaccuracy, so the locations are not updated. In addition the shop 
assistant can use this modality in order to fix a restricted group of items, without trying to 
detect all the garments in the location. In the ‘complete’ mode the unread items are consider 
stolen so their location is fixed with the value ‘oblivion’. In this case, the shop assistant must 
try to detect all the garments in the area with the best possible accuracy. In Fig. 33 the cross-
functional diagram is shown, while in Fig. 34 the data storing diagram is explained in base on 
the mode option. 
RFID FASHION DASHBOARD 
Pag. 78 of 141 
INVENTORY
Server applicationPDA ApplicationPortable reader bagShop Assistant
NO
YES
Data elaboration, 
storing and 
comparison
Reading start
Reading fulfill?
Visualization of 
the amount of 
expected items
Data forward
Raeding stop and 
update
Raed tag amount 
update
Data updating
End
Location choice
DB queries and 
expected items 
list generation
Tag detection and 
data forward
Reading stop
Command 
forward
Mode choice
Start Location options 
visualization
ü back store
ü selling area
Mode options 
visualization
ü standard
ü complete
Reader start
Command 
forward
Reader pause
Command 
forward
Object, OBSERVE
 
Fig. 33: Cross-functional diagram of the RFID inventory process.  
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Data updating algorithm 
The principal objective of the inventory process is to check and update the location of each 
item. During the development of the process five locations have been defined, they are:  
ü selling area: when a garment is detected in the selling area by a process (receiving, 
replenishment, inventory, fitting); 
ü back-store: when a garment is detected in the back store by a process (receiving, 
replenishment, inventory); 
ü sold: when a garments is sold and seen by the check-out process or trash process. 
ü oblivion: location is unknown. The inventory process is not able to define a sure 
location; 
ü lost: all the labels found in the store without the item are stored and manually 
processed in order to remove them from the informative inventory. 
The inventory process involves three of the five locations in accordance with the algorithm 
reported in Fig. 34. From this diagram it is clear that the inventory mode influences the 
location updating. 
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Fig. 34: Data updating procedure in base on the mode options. 
For instance, suppose the following situation is provided before the execution of the process. 
Each item has its own location (see Tab. 9). 
EPC Location 
EPC 1 SELLING AREA 
EPC 2 BACKSTORE 
EPC 3 SELLING AREA 
EPC 4 SELLING AREA 
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EPC Location 
EPC 5 SELLING AREA 
EPC 6 SELLING AREA 
EPC 7 BACKSTORE 
EPC 8 SELLING AREA 
EPC 9 BACKSTORE 
EPC 10 BACKSTORE 
Tab. 9: Initial inventory state. 
At the beginning of the process the shop assistant selects the location where the process 
should be performed, suppose ‘selling area’ (see Tab. 10) 
EPC Location 
EPC 1 SELLING AREA 
EPC 3 SELLING AREA 
EPC 4 SELLING AREA 
EPC 5 SELLING AREA 
EPC 6 SELLING AREA 
EPC 8 SELLING AREA 
Tab. 10: Initial inventory state filtered by location. 
The shop assistant execute the process in ‘complete’ mode. The result of the process is shown 
in Tab. 11. 
EPC Location 
EPC 1 SELLING AREA 
EPC 3 OBLIVION 
EPC 4 SELLING AREA 
EPC 5 SELLING AREA 
EPC 6 SELLING AREA 
EPC 8 SELLING AREA 
EPC 9 SELLING AREA 
EPC 15 SELLING AREA 
Tab. 11: Result of the inventory process, changes highlight. 
The following observation can be done: 
Ø EPC 3: it was expected but it was not read. The new location is ‘oblivion’; 
Ø EPC 9: it was expected in back-store, but it was read in the selling area, so its location 
was changed. 
Ø EPC 15: it was an unexpected items, both in selling area and in back store. But since it 
was read in selling area, its location was changed. 
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Now suppose that the shop assistant had chosen the ‘standard’ modality. In Tab. 12 the 
changes are shown. 
EPC LETTI LOCAZIONE 
EPC 1 SELLING AREA 
EPC 4 SELLING AREA 
EPC 5 SELLING AREA 
EPC 6 SELLING AREA 
EPC 8 SELLING AREA 
EPC 9 SELLING AREA 
EPC 15 SELLING AREA 
Tab. 12: Result of the inventory process, changes highlight. 
The following observation can be done: 
Ø EPC 3: it was expected but it was not read. In this case its location is not modified; 
Ø EPC 9: it was expected in back-store, but it was read in selling area, so its location is 
changed. 
Ø EPC 15: it was an unexpected items, both in selling area and in back store. But, since it 
was read in selling area, its location is changed. 
Hardware devices 
In order to achieve the aim of the process the hardware selection is very important. 
At the beginning of the experimental campaign an RFID handheld device was used, but the 
performance wasn’t sufficient. The principal reasons are the low power reader embedded into 
the handheld device (0.5 W) so the computing power is limited and sometime the handheld is 
not able to elaborate the data in real time. For this reason a new device has been designed and 
made. 
In order to increase the reading power (2.0 W) a fixed reader has been chosen. But it should be 
light and portable. The smallest and lightest fixed reader available is Speedway Revolution® by 
Impinj®. In order to make it portable a proper battery and an Ethernet-WiFi adapter have been 
used. All the components have been installed into a bag in order to make the system portable. 
Finally an antenna equipped with a handle is connected to the reader. 
Using this configuration, the RFID server considers the portable reader exactly like a normal 
reader which has been installed, for instance, in a gate. For this reason a portable application is 
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Barrier Description Issue Solution 
Low HH device 
read accuracy 
The HH device cannot read 
all the garments and the 
labor time is too high. 
The process cannot be 
successfully completed or it 
needs too much time. 
A new portable device is 
engineered. The reading 
power is four times more 
powerful and the antenna 
gain is higher. The read 
accuracy is increased. 
Different 
interpretation of 
the inventory 
process 
The inventory process can be 
seen as a counting activity or 
as a photo of the current 
state. 
The readings must be 
interpreted in a different 
way. 
Two modalities are available. 
At the beginning of the 
process the shop assistant 
must chose the inventory 
modality. 
Read errors The walls between the back 
store and the selling area are 
RFID permeable. 
When the process is 
performed in a certain 
location, the garments 
stored in the other one can 
be read generating inventory 
inaccuracy. 
An RF shield has been 
installed in the inner wall of 
the back store in order to 
block the radio waves and 
isolate the two locations. 
Tab. 13: Barriers and solution about inventory process. 
5.7.7. RFID Checkout and RFID Trash 
The RFID check-out process represents the outbound tracking point, and it is necessary in 
order to update the informative inventory, in fact all the garments sold must be read in order 
to remove them from the inventory. 
The process is very easy: the shop assistant put the products to be sold on the check out desk, 
equipped with a RFID antenna and presses a button. The RFID reader detects the garments 
and sends the readings to the server application. Here, the software extracts the EAN13 and 
sends it to the application installed on the check-out computer using the keyboard emulation 
protocol. 
In order to reduce the impact of the pilot on the check-out computer, keyboard emulation 
protocol was chosen. In this way the current check-out application does not need any 
interventions, because the current barcode scanner uses the same protocol. In addition the 
barcode scanner remains available in case of failure of the RFID system. 
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In this case the RFID tracking point substitutes the barcode scanner, so the subsequent 
operations are maintained. Therefore, after a visual check of the shopping list reported in the 
check-out application, the shop assistant remove the labels and print the receipt. 
From the ‘As Is’ analysis it is known that sometimes the customer can change the shopping list 
after checking the total cost of its purchasing. In this case the shop assistant changes manually 
the list on the check-out application without any RFID event. This can generate inventory 
inaccuracy because the RFID system consider all the read garments sold. 
Moreover the check-out application does not manage the items’ serial number but only the 
EAN13, so a substitution of a garment of the same Sku but with different serial number 
generates further inventory inaccuracy (the RFID system does not exchange the first item with 
second one, while it is needed). 
Finally, some system problems must be considered during the experimental campaign, this 
means that, if the RFID system is not available during the check out operations, the shop 
assistant are able to use the previous procedure (barcode scanning) generating inventory 
inaccuracy (the RFD system cannot remove the garments because it does not know they are 
sold). 
For these reasons, the lack of a strong integration between the check out application and the 
RFID system represents an error source and can generate inventory inaccuracy. In order to 
solve these issues, a new process has been developed. 
The new process, called ‘RFID trash’, exploits the ‘As Is’ operation of removing the label from 
the item before printing the receipt. The removed RFID labels are stored in metal container 
with an inner RFID antenna. In this container only the labels from garments actually sold are 
stored so the readings from this process can be used in order to solve some inventory 
inaccuracies. 
However, periodically, the trash container is emptied out and the labels in it brought in RFID 
lab where they are checked to verify the process accuracy and fix possible misalignments. 
RFID FASHION DASHBOARD 
Pag. 86 of 141 
CHECK OUT
Check out PCRFID MiddlewareRFID ReaderShop Assistant
Anti-theft pin 
Detatching
Botton pression
Items on check out 
desk
Reader startup
Tagged items 
detection
Data storing
EAN13 extraction 
and forward Writing EAN13 in 
keyboard cash
Receipt ok?
Receipt printing
YES
Receipt deleting
NO
Object, OBSERVE
 
Fig. 35: Cross-functional diagram of the check-out process. 
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Fig. 36: Cross-functional diagram of the trash process. 
Hardware devices 
The equipment installed in the check-out desk is following reported (see Fig. 37):  
ü Fixed RFID Reader Impinj Speedway 
ü MTI near field antenna (MT-249568/NRH), installed into a metal container (trash 
container); 
ü MTI near field antenna (MT-249567/NCP), installed under the desk surface, used to 
read the garments; 
ü RF shield installed under the check-out antenna in order to limit the reading area only 
above the desk surface. 
ü Button, installed under the desk container, connected to the reader by GPIO port, used 
to startup the check-out process. 
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Fig. 37:Installation shema of the check-out equipment. 
Data flow 
Check-out readings  
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “OBSERVE” 
BizStep = urn: rfidlab:bizstep:fashion:checkout 
Disposition = “sold” 
ReadPoint = urn:epc:id:gid:95100046.00000003.3 (portable reader) 
BizLocation = urn:epc:id:sgln:95100046.225.1 
BizTrans = ‘null’ 
Trash readings 
EventTime = timestamp, timezone 
RecordTime = timestamp, timezone 
EPCList = SGTIN 
Action = “OBSERVE” 
BizStep = urn: rfidlab:bizstep:fashion:trash 
Disposition = “sold” 
ReadPoint = urn:epc:id:gid:95100046.00000003.3 (portable reader) 
BizLocation = urn:epc:id:sgln:95100046.500.1 
BizTrans = ‘null’ 
 
  
RFID FASHION DASHBOARD 
Pag. 89 of 141 
Barriers and solutions 
A list of the most important barriers happened are reported in Tab. 14. 
Barrier Description Issue Solution 
Minimum impact 
on the check-out 
application 
Strong integration between 
check-out application and 
RFID system is not allowed 
Technical issues Keyboard emulation protocol 
is used to communicate with 
the check out application. 
Minimum impact 
on the check-out 
application 
Strong integration between 
check-out application and 
RFID system is not allowed 
Receipt changes cannot be 
communicated to the RFID 
system. 
RFID trash process is 
developed. 
Limited read 
area (above the 
check out desk) 
The read area must be only 
above the check-out desk. 
Other garments must not be 
read. 
If another item is read, it is 
removed from the inventory 
generating inventory 
inaccuracy. 
An RF shield is installed 
below the antenna, and tests 
are performed in order to set 
the read power right. 
There is limited 
read (trash 
container) 
The trash antenna should 
read only the label inside. 
If another item is read, it is 
removed from the inventory 
generating inventory 
inaccuracy. 
A metal container is 
provided with a thin 
aperture. 
Labels put on the 
floor of the 
metal container 
cannot be read. 
If the label is stored too 
quickly, it can be found on 
the bottom of the container 
before being read. 
Inventory inaccuracy. A polystyrene layer is posited 
on the bottom in order to 
create a distance between 
the metal surface and the 
tag. The label can be read. 
Tab. 14: Barriers and solution about check-out and trash processes. 
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6. RFID FASHION DASHBOARD 
6.1. Overview 
The RFID Fashion Pilot Dashboard is a Web Accessing Application specifically developed to 
provide the user the ability to query the database populated by the pilot processes. This 
logistics dashboard is able, through the various modules that make up, to provide high value-
added information, through analyzing data compliant with the EPCIS specifications. 
It may, in fact, infer information about the processes that affected each item, the process 
performance achieved. Also RFID device performances are provided. Therefore overall the 
available information on the Dashboard allow to determine the benefits and potentials of the 
RFID system. From design point of view is to be seen as a Proof of Concept and as such is a 
basic idea of helping to clarify the operation of the system that it wants to provide every single 
actor. 
6.2. The modules 
The RFID Fashion Pilot Dashboard is break down in some modules, each of which focused on a 
certain information type. The next section describe the various modules and the information 
available. Each module has a button to download data in csv format file. 
The application is a web application, so it is accessible with a internet browser at the following 
link: http://xxx.xxx.xxx.xxx:8000/Dashboard/#hme where the home page is present. The core 
of the web application is placed in RFID Lab server and, every about 30 minutes, the 
application queries the remote EPCIS (DC and PoS), and downloads data. The home page 
shows the companies involved in the project (see Fig. 38). 
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